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VI ABSTRACT 

A new compound 2,2-dinitrobutyl 2,2-dinitropropyl 
formal (DNBPF), 

and a energetic piasticizer which is a 1: 1 eutectic mix- 
ture of DNBPF and bis(2,2-dinitropropyl) formal. 

2 Ciaims, No Drawings 
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MS (DINITROPROPYL) 
FORMMJDINITROBUTYL DINITMPRUPYL 

FORMAL PIMTICEER 
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CHJC~~C(N02)20H + CHJC(NQ)$X~OH + CH@-> 

CH 

P 

BACKGROUND OF THE INVENTION 
This invention relates to energetic plasticizen and 

more particularly to nitroalkyl energetic plasticizers. 
BX)NPF/A is a useful energ& (nitro)plasticizer of 

re1atively low cost which has found application in pro- 
pellant WKI explosive binders. BDNPF/A is 8 1: 1 tutec- 
tic mixture of bis(dinitropropyl)fonnal (BDNPF) and 
bis(dinitropropy1) acetal (BDNPA) BDNPBIA is an 
excellent plasticizer for poiyurethanes, polyethylene 
glycols (PEG), and celuiose acetate butyrates (CAB); 
it has a law melting point (about 12’ C.) and a low 
vapor pressure. A significant shortcoming of this mate- 
rial is the limited chemical and thermal stability of 
BDNPA. Thus, when heated separately at 150’ C. in 
vacua for 48 hours, BDNPF retins wsentially un- 
changed whereas BDNPA decomposes to the extent of 
at least 3Q% with formation of new mlid and liquid 
products which in turn undergo further decomposition. 
BDNPA is also more sensitive to acid hydrolysis than 
BDNPF. These undesirabie properties of BDNPA arc 
also exhibited by its eutectic mixture with BDNPF and 

- adversely affect the utility of this ptasticizer. 
Therefore, it would be desirable to have a low cost 

energetic nitroplasticizer for w in propellant and ex- 
plosive binders which is more chemically and thermally 

f7. 
stable than BDNPF& 

SUMMARY OF THE INVENTION 
Accordingly, an object of this invention is to provide 

a new energetic nitro plasticiztf for use in explosives 
and propellants. 

Another object of this invention is to provide a new 
low cost energetic nitro plasticizer. 

A further object of this invention is to provide a new 40 

energetic nitro plasticizer which has good chenkai and 
thermal stability. 

These and other objects of this invention are 
achieved by providing a new chemical compound 2,2- 45 
dinitrobutyl 2,2dinitropropyl formal (DNBPF) and a 
new energetic plasticizer which is a 1: 1 cute& mixture 
of 2,2=dinitrobutyl 2,2-dinitroprupy1 formal and bis(2,2- 
dinitropropyi) formal (BDNPF). 

A one step process of preparing the 1: 1 eutectic nrix- 50 
ture by contacting 2,2dinitro- I-butanol, 2,Winitro- 1 e 
propanol, md formaldehyde in the presence of sulfuric 
acid is also provided. 

The 1:l molar mixture of 2,2ldinitrobutyl2,2dinitro- 
propyl formal and bis(2,2-dinitropropy1) formal is useful 5s 
as a plasticizer for propellant and txpiosive binders. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

The present invention is based on a new compound 60 
2,2&nitrobutyl 2,24initropropyl formal (DNBPF), 

CH~CH~C(NUI)~CH~~C~~~QC)~~C(NO~~CH~. 

DNBPF is prepared by the cundensation of 2,24initro- 65 
l-butanol and 2,2&&o-Lpropanol with formaIde= 
hyde and sulfuric acid and is the main product of this 
reaction: 

H2=4 

+ IC~3CH2C(N02)2CH20]2CH2, 

Pure DNBPF can be isolated from this mixture by col- 
umn chromatogmphy. The conditions for the reaction 
are ilhmated by txamplc 1. 

2,2dinitrobutyl 2,2ainitropropyi formal has the 
same empiricaI formula (c8Wt&o 10) as bis(2,24ni- 
tropropyi) acetal (BDNPA), [CHJC(NO&C- 
&0]2CHCH3. It also has approximately the we melt- 
ing point (34’.6’ C,) and the me density. 2,2dini- 
trobutyl 2,24Gtropropyl also forms a binary (1: 1 mo- 
Iat) eutectic with bis(2,2dinitropropyJ) folrnal 
(BDNPF/DNBPF) which has approximately the same 
melting point as the binary (1; 1 molar) eutcctic of 
bis(2,2dinitropropyI) acetal and bis(2,2dinitropropyI) 
formal (BDNPF\A) which is used IU a low cost ener- 
getic plasticizer. 

There is however, a critical difference between 2,2- 
dinitrobutyl 2,2dinitropropyl forraal and bis(2,2dini- 
tropropyl) acetal which goes to their relative usefulness 
in plasticizers. As discussed in the background of the 
invention, bis(2,2=diniuopropyt) acetal has poor chemi- 
ti and thermal stability as compared to bis(2,2-dinitro- 
propyl) formal. Iri contradistinction, 2,2ainitrobutyl 
2,2dinitropropyl furmal has a thermal stability which is 
essentially CquaI to that of bis(2,24nitropropyI) formal, 
This is demonstrated by the fact that after heating at 
150” C. for 48 hours under vacuum, a sample of 2,2dini- 
trobuty12,2-dinitropropyl formal shows no change. The 
bis(2,2dinitropropyl) acetal breaks down and decom- 
poses under those conditions, As a result, the new bi- 
XUY (I:1 molar) eutectic &ture of 2,2=dinitrobuty\ 
S2dinitropropyl formal and bis(2,2dtitropropyI) for- 
mal offers a new low cost energetic plasticizer having a 
greatly improved thermal stability, The resistance to 
acid hydrolysis oh&d also be better. 

As a practiced matter, the l:f, eutectic mixture of 
BDNPF and DNBPF is prepared m a single step as 
illustrated by example 2. Three moies of 2,2dtitro-I- 
propanol and one mole of 2,2dinitro+butanol are rem 
acted with. two mo1~1 of formaldehyde in the presence 
uf sulfuric acid and cooling to produce the desired mix- 
ture. Preferably, from 70 to 100 percent sulfuric acid is 
used. The cooling is used to tit&n the reaction tem- 
perature in the range of from -10. C, to 25’ C.. The 
product mixture is composed of bis(2,2dinitropropyl) 
formal, 2,24nitrobutyl 2,2dinitropropyl formal, and 
bis(2,2dinitrobutyl) formal in a molar do of t :1:0.05, 
rwpectively. T‘he sr&I amount of bis(2,2Utrobutyl) 
formal pr-nt in the product does not interfere with the 
performance of the mixture as a therm&y and chemi- 
cally stable energetic plasticizer. 

The 1~1 molar ratio of bis(2,2dinitropropyl) formal 
(BDNPF) to 2,2&itrobutyl 2,2dinitropropyl formal 
(DNBPF) is optional in that it product the mixture 
6th the lowest melting point. The ratio of BDNPF to 
DNBPF may be v&d from 1:l with a correspnding 
rise in the melting point; there is little if any advantage 
in doing so. 

The general nature of the invention having been set 
forth, the following examples are presented as specific 
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illustrations thereof. It will be understood tbat the in- 
vention is not limited to these examples but is swepti- 
ble to various modifications that will be recognized by 
one of ordinary slsitl in the NC 

EXAMPLE 1 

PREPARATION OF 2,2-DINITROBUTYL 
2,243INITROPROPYL FORMAL 

CH3CHtC(NO~~CH~OCH20CH2C(NO~)~CH3 

A mixture of 7.5g (0.05 moles) of 2,2dinitro-l- 
propanol and 8.2g (0.05 moles) of 2,2-dinitrolLbutanol 
was added with cooling and stirring to a s&tion of 1,Sg 
of parafomuldehyde (0.05 moks of formaldehyde) in 
25 ml of 80% sulfuric acid. Tire mixture was stirred 20 
hours at room temperature and extracted witi 100 ml 
dichlorornethane. The extract was washed with MB, 50, 
and 25 ml 0.1 N aqueow N&H solution, dried 
(MgSO4, filtered, and concentrated to give an oil 
weighting 13.5g. The mixture of formals wm separated 
by repeated chromatography of silica gel with di- 
chloromethane/btxane as eluant. Pure 2,2dinitrobutyl 
2,2-dinitropropyl formal ww obtained in this fashion as 
an oil which soon crystallized; mp 34’-4’ C. ‘H NMR 
(CDC13):8 1.07 (t,3H), 2.25 (s, 3H), 2.67 (q, 2H), 4.38 (8, 
2H), 4043 (s, 2H), 4.82 (s, 2H). 
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EXAMPLE 2 ’ 
PREPARATION OF BDNPFIDNBPF MIXTWRE 

(1 1) : 
A solution of 4.95 g (0,033 moles) 2,2&itro-l- 

propanol and 1.78g (0.011 moles) 2,2dinitro- I-butanol 
in 10 ml dichloromethane was added with stirring to a 
solution of 0.66 g (0.022 moles) parafotmaldchyde in 5.5 
ml concentrated H2SU4. The mixture was stirted 15 
minutes, the organic phase separated and the acid ex- 
tracted once with 5 ml dichloromethanc. The combined 
dichloromethane solution was washed with 0.2 N 
Na0H solution (3 ~20 ml), dried (bfgS@), and freed 
from solvent to give 4.67 g of a colorless oil. NMR 
analysis (area ratio of O-CH2-0 to C-CHIC peaks) 
show this to be a l;l mixture of bis(2,2dinitropropyl) 
formai and 2,2dinitrobutyi 2,2dinitropropyl formal. 

Numerous modifications and variations of the present 
invention are possible in light of the above teachings. ft 
is therefore to be understood that within the scope of 
the appended claims the invention may be practiced 
otherwise than WI specifkaliy described herein. 

What is claimed 8s new and desired to be secured by 
Letters Patent of the United States is: 
’ 1. An energetic plasticizer comprising a mixture of 
bis(2,2=dinitropropyl) formal and 2,2-dinitrobutyl 2,2- 
dinitropropyl formal. 

2. The plasticizer of claim 1 which is approximately a 
1: 1 molar binary eutectic mixture of bis(2,2dinitropro- 
pyl) formal and 2,2dinitrobutyl 2,2=dinitropropyl for- 
mal. 

l 4 + l + 

SO 


